LACK OF RARE-MALE MATING EFFECT USING B W AND ST

DROSOPHILA MELANOGASTR MUTANTS
The "rare-male mating effect," which confers an advantage to the rarer of two male types competing for matings, has interested many researchers since the earliest examples were published by Petit (Petit 1951 , cited in Knoppien 1985 and Ehrman (Ehrman et al. 1965) . Knoppien9s recent review (1985) contains a summary of the methods and results of this work.
Both methodologies and analyses used in rare-male experiments have been criticized (e.g., O'Donald 1977 O'Donald , 1978 Bryant et al. 1980; Markow 1980; Merrell 1983 [but see Petit 19841; Partridge and Gardner 1983) . In addition, some studies have failed to find a rare-male advantage (e.g., Markow 1980; Pot et al. 1980; Barnes and Merrell 1985) , and other experiments demonstrating the effect have proved unrepeatable (Spiess 1982a,b; Partridge and Gardner 1983) . These criticisms and conflicting results have raised questions concerning both the existence of the rare-male effect (Bryant et al. 1980 ) and its importance in the evolution of natural populations (Partridge 1983; Partridge and Hill 1984) .
This paper reports an attempt to repeat work done by Spiess and his coworkers (Spiess and Schwer 1978; Spiess and Kruckeberg 1980) on Drosophila melanogaster bw and st mutants. They reported a rare-male mating advantage on the basis of two experimental designs that are common in rare-male research: single-female tests, in which single virgin females are exposed to several males and matings are observed to determine which male type mates; and multiple-choice tests, in which several females are exposed to several males and pairs are removed as they mate. On the basis of single-female tests, they suggested that the mechanism responsible for the effect was female discrimination against the male type that courted first. Genetic background was found to influence the outcome of female discrimination tests in further experiments using bw and st mutants (Spiess 1982a,b) . Partridge and Gardner (1983) reported an unsuccessful attempt to repeat the work by Spiess and his coworkers, but discontinued single-female experiments after finding that one male type had a significant advantage at equal ratios. No rare-male advantage was found in multiple-choice tests.
Although male competition is greater and statistical analysis much more straightforward in single-female tests, neither Spiess (1982a,b) nor Partridge and Gardner (1983) tested for a rare-male effect using the single-female design. Since the rare-male advantage should increase the mating success of a male type when rare relative to its success at higher frequencies, the effect of rarity can still be studied using traits that differ in their inherent mating success. Additionally, the genetic background of the flies carrying the bw and st markers was important in Am. Nat. 1988 
METHODS
Two isogenic strains of Drosophila melanogaster, b~~~; s t = R) and (red eyes bw;st (white eyes), were provided by E . Spiess. These flies were derived from a backcross of the original strains (which were no longer available) to Oregon-R wild-type stock. Flies were reared in half-pint milk bottles with yeasted food, and kept at 25°C and a cycle of 12 h light and 12 h dark.
The strains were crossed to produce heterozygotes, b~~~, b w ; s t , which have orange eyes (0). F, females were backcrossed to b~~~; s t males to obtain experimental flies, b~~~; s t with red and orange eyes, respectively. On and b~~~, b w ; s t , emergence, flies were etherized lightly, phenotyped, sexed, and stored in vials (9.5 x 2.5 cm) with food until they were used in experiments. Ten females of the same genotype were stored in a vial. Males were stored in the numbers and ratios that were used in the experiments to prevent the position bias reported by Markow (1980) when males were selected for experiments from vials containing only one type. Five-day-old females and both 4-and 5-day-old males were used.
All mating tests involved a single female and six males, with female eye color chosen randomly for each test. Five R: 0 male ratios were tested: 5: 1,4:2,3:3,2:4, and 1:5. Males were placed in empty mating vials (9.5 x 2.5 cm) into which a female was subsequently introduced with an aspirator. Tests were stopped when a mating occurred or after 30 min if no mating had occurred. Elapsed time before mating and the type of male that mated were recorded. A total of 556 trials were completed, with 170 at the equal ratio of 3:3, and approximately 100 at the other ratios.
RESULTS
Results of the experiment are summarized in table 1. Males of the two ages showed no difference in either the time to mating (two-tailed KolmogorovSmirnov test statistic = 0.07, NS, data not shown) or likelihood to mate within 30 min (x2 = 0.2572, df = 1, NS, data not shown), so tests using 4-and 5-day-old males were pooled for analysis. R and 0 females showed no difference in time to mating (two-tailed Kolmogorov test statistic = 0.07, NS, data not shown), but R females were slightly more likely to mate within 30 min (x2 = 4.36, df = 1, P < 0.05). Since separate analysis of matings by R and 0 females yielded results that were not significantly different, they have been pooled in this report.
I used the method suggested by Ayala (1972) for analyzing frequency-dependent data, in which all frequencies are compiled in a single statistic. Logarithms of the ratios of R:O mating success were regressed on the logarithms of the ratios of R:O frequencies (see fig. 1 ). The regression equation was then log(RI0) = log a + (b)log(rlo) , where RIO is the ratio of matings by R males to matings by 0 males at a given test frequency, and rlo is the ratio at which the two types were present. Using this analysis, b < 1 and b > 1 indicate rare-and common-male advantages, respectively. If b = 1, a > 1 and a < 1 indicate constant advantage for R and 0 males, respectively. Random mating is indicated by a line with a slope of one that intersects the origin (a = b = 1). Figure 1 shows a strong advantage for R males at all frequencies tested (a s 1 SE = 5.9 -+ 0.72). The slope of the line does not differ significantly from one at the 0.05 confidence level, although a tendency toward common-male advantage is nearly significant ( t = 2.23, df = 3,0.05 < P <
0.1).
To further illustrate the mating advantage of R males, table 2 lists male ratios and the mean time to mating (excluding vials in which no mating occurred). Matings occurred sooner when there were more R males (Spearman rank correlation = -0.1407, P < 0.005). Interestingly, when 0 males did mate, the time to NOTE.-Matings by both male types are combined, because times to mating by the two types did not differ significantly. Time to mating decreases as the number of R males increases (Spearman rank correlation, -0.1407; P < 0.005).
In addition to having faster matings, vials containing more R males were more likely to have a mating within 30 min ( X 2 = 24.96, df = 4, P < 0.001). Vials with one and two R males had fewer than expected matings within 30 min, whereas those with three, four, and five R males had more than expected.
DISCUSSION
There was no frequency-dependent advantage in the direction predicted by the rare-male effect in this experiment. At all frequencies, R males were more successful than 0 males in obtaining matings; this advantage was even stronger when R males were more comnlon. The experiment did not measure the effect of courtship order on the male type that mated, but the constant advantage of R males implies that it was unimportant.
Explanations of both proximate mechanisms (reviewed in Partridge 1983) and adaptive significance of the rare-male effect pose problems. Possible proximate mechanisms fall into two categories. In the first category, female choice could be responsible for the effect in several different ways. Females may detect which type of male is rarer and preferentially mate with that type; or they may not detect rareness itself, but discriminate so as to produce the same result (e.g., by rejecting the first male type to court). A less direct mechanism caused by female choice is that proposed by O'Donald (1977 O'Donald ( , 1978 , in which a constant proportion of females prefer one type of male (see also Partridge and Hill 1984) . This last possibility would not be female choice of rare males per se but would give rarer males an advantage because they would have fewer competitors for the females that prefer them. A second category is intrasexual selection, which could be important if males compete more vigorously with other males of their own type. Rarer males may then gain a mating advantage because they have relatively fewer competitors.
O'Donald suggested that a rare-male advantage would probably not evolve by female preference for rare males, because "a general tendency to mate with the more unusual phenotypes would be maladaptive" (1978, p. 189) . But most expla-nations of the adaptive significance of the rare-male effect have implied that it increases female fitness by promoting outcrossing and heterozygosity, possibly increasing offspring fitness (Lewontin 1974; Spieth 1974; Lacy 1979; Searcy 1982) .
The original studies of the rare-male effect using the bw and st loci in D. melanogaster were important because they suggested a mechanism for the effect (Spiess and Schwer 1978; Spiess and Kruckeberg 1980) . It is troublesome that a rare-male effect is no longer consistently present in tests using these loci, either in the lab in which they were originally studied (Spiess 1982a,b) or in other labs using descendants of the same flies (Partridge and Gardner 1983; present study) . The present study and other recent work force us to question the widespread acceptance of the rare-male effect exemplified by Lewontin: "If two sorts of males are competing for females in a test apparatus, the rarer type has an advantage. This advantage appears whether the rarer type is genetically different or has been raised in a different environment from the common competitor." (1974, p. 258 .) The irreproducible results of tests carried out under controlled conditions in the laboratory raise doubts about the frequency or importance of rare-male mating advantages in nature. Submitted November 17, 1986; Revised January 12, 1987; Accepted May 28, 1987 
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